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INTRODUCTION 

I. NATURE OF THE PROBLEM 

There is strong evidence that Wnt proteins function as peptide growth factors that 
regulate the mammary gland growth cycle. Some of these proteins have already been shown 
to contribute to experimental mammary gland tumorigenesis in the mouse. Several groups 
are currently assessing whether Wnt genes play a role in the pathology of human mammary 
tumors, as might be predicted. Despite this evidence, work focused on the role of Wnt genes 
in breast cancer is in its infancy. The proposed studies are directly aimed at testing the 
hypothesis that Wnt genes encode regulators of normal and neoplastic mammary gland 
development. 

The Wnt-1 protein is recognized as a mediator of cell-cell signaling events that can 
contribute to mammary tumorigenesis in the mouse. Despite accumulating evidence that 
Wnt-1 proteins act as growth factors, in the past it has been extremely difficult to purify 
Wnt-1 proteins in a soluble, cell-free form. For this reason, very little is known about Wnt 
specific cell surface receptors, which are proposed to be responsible for receiving signals 
from extracellular Wnt proteins. There is a pressing need to produce soluble, active Wnt 
ligands in order to understand the nature and regulation of Wnt-mediated growth control. 
In this proposal we will evaluate the hypothesis that Wnt genes encode a family of proteins 
that act as secreted growth factors that affect mammary epithelial cell physiology by 
interacting with cell surface receptors. It is expected that several of the Wnt proteins will 
demonstrably affect the growth properties of mammary epithelial cells, that these proteins 
act as secreted factors, and that they carry out their functions by stimulating specific cell- 
surface receptors on mammary epithelial cells. 

II. BACKGROUND 

The development of the mammary gland is a poorly understood process that consists 
of cycles of growth, morphogenesis, differentiation, and involution under the control of a 
variety of hormones and growth factors. On the basis of their ability to affect mammary 
gland growth and on their expression patterns, several peptide growth factors have been 
implicated as effectors of mammary gland development (reviewed in (1)). In many cases, 
deregulation of growth factor-stimulated signaling pathways contributes to the pathobiology 
of breast cancer (2, 3). The Wn t gene family encodes secretory proteins involved in cell 
growth and cell fate determination during murine embryogenesis, organogenesis, and 
oncogenesis. We are interested in the role of Wnt proteins in mammary gland development 
and oncogenesis. 

Wnt family genes 
The first Wnt genes to be cloned were identified based on their oncogenic effects in 

the mouse mammary gland. The Wnt-1 gene (originally int-l(A)) was initially identified as a 
frequent target for insertional activation by mouse mammary tumor virus (MMTV) proviral 
DNA in MMTV-induced mammary gland tumors(5, 6). Inappropriate expression of the Wnt- 
1 gene has been shown to contribute to mammary gland tumorigenesis(7,8). One other Wnt 
gene, Wnt-3, was also originally identified as a transcriptionally activated oncogene in 
MMTV-induced mammary tumors(9).  Most of the identified Wnt genes were isolated by 



searching for genes homologous to Wnt-1 using hybridization techniques(10, 11). and the 
polymerase chain reaction (PCR)(12). Each of the sequenced open reading frames encodes 
what appear to be cysteine-rich, secretory glycoproteins ranging from 350-380 amino acids. 
A comparison of the predicted amino acid sequences among murine Wnt gene family 
members reveal over 100 conserved residues fairly evenly distributed across the entire 
sequence and striking conservation of roughly 23 cysteines in nearly parallel positions. 
Different Wnt proteins are generally 40-60% identical at the amino acid level. 
The normal functions of Wnt genes have been analyzed in several organisms; most 

extensively in those tractable to genetic or biochemical analysis of early development. Such 
studies have shown that Wnt proteins are involved in diverse developmental phenomena. 
The Wnt-1 orthologue in Drosophila is the segment polarity gene wingless (13, 14). A 
combination of genetic and biochemical analyses, suggests that the wg protein functions as a 
local-acting, secreted factor that triggers a cascade of molecular events leading to the 
specification of segment polarity in the Drosophila embryo(15,16,17,18). The wg protein has 
also been shown to have organizer activities that lead to specification of spatial patterns in 
adult structures, such as leg or wing(19,20) and it is also involved in regulating neuroblast 
specification in the Drosophila central nervous system(21). In the frog, Xenopus laevis, several 
different Wnt genes have been shown to contribute to the experimental induction of dorsal 
mesoderm tissue and subsequent establishment of the body axis (22, 23, 24, 25). Current 
models of early embryonic patterning events in the frog propose the involvement of one or 
several Wnt proteins as determinants of dorsal axial position(25,26). The murine Wnt genes 
cloned to date are expressed in spatially restricted patterns during gastrulation, neurulation, 
or early organogenesis. Of the Wnt genes analyzed, seven of the family members show 
restricted expression patterns in the developing brain, and several other family members are 
expressed in the neural tube and neural plate(27). On the basis of the analysis of Wnt-1 gene 
deficiencies, the normal function of the murine Wnt-1 gene is in proper development of the 
cerebellum and midbrain (28, 29, 30, 31). These observations have led to the proposal that 
murine Wnt proteins act either as mitogens or act to specify cell fate in the developing 
nervous system. Wnt proteins are also implicated in the process of limb development(27). 
Several Wnt genes are expressed in the developing limb and ectopic expression of Wnt-1 in 
developing limbs of transgenic mice results in abnormalities' in growth and skeletal 
patterning of the limb(32). 

Wnt proteins and their mechanism of action 
The predicted primary protein of the Wnt-1 gene displays many of the characteristics 

of secreted growth factors: a hydrophobic signal peptide, a recognition site for signal 
peptidase, prospective sites of N-linked glycosylation, many cysteine residues, and lack of 
any identifiable membrane anchor domain(33). Due to the lack of cell lines expressing the 
endogenous Wnt-1 gene, most of the work on the biochemical properties of Wnt proteins has 
been carried out with cells programmed to express exogenous Wnt cDNAs. In these ectopic 
settings, Wnt-1 proteins behave as secretory glycoproteins, undergoing entry into the 
endoplasmic reticulum (ER), leader cleavage, and asparagine(N)-linked glycosylation at 
several sites(34, 35). Despite entry into the ER, Wnt-1 proteins are very poorly secreted. 
Most of the Wnt-1 protein remains associated with internal membranous components of cells. 
Intracellular Wnt-1 is predominantly bound to BiP; a chaperonin-like protein found in the 
ER(36). A small portion of the most highly glycosylated forms of Wnt-1 proteins is 
secreted(37,38). The appearance of extracellular Wnt-1 proteins is significantly enhanced by 
addition of heparin sulfate(37) or suramin(39) to the media. Such experiments suggest that 



Wnt-1 proteins that have moved through the secretory pathway into the extracellular 
environment are not freely diffusible, but instead are tightly associated with either the cell 
surface(39) or the extracellular matrix(37). Although Wnt-1 proteins are not readily detected 
freely soluble in the media of cells expressing Wnt-1 cDNA, evidence has accumulated that 
Wnt proteins can act in a paracrine fashion. First, entry into the secretory pathway is 
necessary for Wnt-1 biological activity(22,40). Second, cell transformation assays have been 
developed that depend on paracrine effects of Wnt-1(40,41). These paracrine assays involve 
co-cultivation of cells that do not exhibit responses to Wnt-1 expression (fibroblast non- 
responsive cells) and mammary epithelial cell lines. When Wnt-1 responsive cells (C57MG) 
are mixed with or surround Wnt-1 donor cells, they undergo morphological changes. 
Finally, analysis of wg protein function, the Drosophila homologue of Wnt-1, suggests that it 
acts in a paracrine fashion since the wg mutant phenotype is cell non autonomous(42); that is, 
mutant cells can be rescued by surrounding wild-type cells. These observations have led to 
the model that Wnt-1 proteins are local-acting factors that function to signal to cells that are 
adjacent or near the site of Wnt production but do not affect cells at sites distant from the site 
of production. In fact, Wnt-1 proteins tethered to the cell surface by addition of a 
transmembrane tail still exhibit autocrine and paracrine transforming activities(43, 44). 
Recently, it has been reported that Wnt-1 protein activity can be. detected in the media of 
mammary epithelial cells programmed to express a Wnt-1 cDNA (A.M.C. Brown, personal 
communication; J. Kitajewski, unpublished observations) suggesting that Wnt proteins can 
also act as diffusible secreted growth factors. 

The Wnt-1 protein is now recognized as a mediator of cell-cell signaling events. Little 
is known regarding Wnt cell surface receptors or the nature of the signaling events triggered 
by receptor activation. Some clues have come from analysis of the wg signal transduction 
pathway in Drosophila embryos, wg expression is known to influence the expression of at 
least two homeobox-containing genes, Distal-less and engrailed(16). wg also affects the 
subcellular localization or levels of protein products encoded by another segmentation 
polarity gene, armadillo(arm). Armadillo is similar to the vertebrate proteins plakoglobin and 
b-catenin(45,46), which are found associated with cadherins in desmosomes and adherens 
junctions. Wnts may therefore regulate the association of plakoglobin or b-catenin to the 
cadherin family of molecules or alternately cadherins and catenins may participate in 
transmitting Wnt-induced signals(47). 



Wnt genes and mammary tumorigenesis 
Abnormal expression of the Wnt-1 gene products contributes to the development of 

mammary tumors(16). Transgenic mice expressing the Wnt-1 gene in the mammary gland 
develop mammary tumors and these tumors have high levels of Wnt-1 mRNA(7). 
Expression of the Wnt-1 gene in two established mammary epithelial cell lines, C57MG 
cells(48) or RAC311C cells(49)leads to morphological transformation from flat cuboidal cells 
to highly refractile, elongated cells that continue to grow after confluence. In one of these cell 
lines, RAC cells, Wnt-1 expression leads to increased tumorigenicity of the cells. In contrast, 
primary embryo cells and several established rodent fibroblast cell lines do not respond to 
Wnt-1 expression. To date, Wnt-1 mediated transformation appears to be restricted to 
mammary epithelial cells. There is also evidence that Wnt genes can contribute to mouse 
mammary tumorigenesis by gene amplification and resulting overexpression(9, 50). These 
studies have established that the Wnt genes are potent oncogenes in mouse mammary 
tumorigenesis. 

Several lines of evidence suggest that the proteins encoded by the Wnt gene family may 
affect mammary gland development. Mice bearing a Wnt-1 transgene that is expressed in the 
mammary gland exhibit extensive hormone-independent hyperplasia of mammary 
epithelium(7). In these mice, the glands of both virgin females and male animals resemble 
those of pregnant animals, and ovarectomy and adrenalectomy have no obvious effect on the 
morphology of these mammary hyperplasias(51). Both Wnt-1 and Wnt-3 expression can 
affect mammary gland growth; however, neither gene is expressed in the normal mammary 
gland. Since the mammary gland responds to both Wnt-1 and Wnt-3, it has been proposed 
that they act through Wnt specific cell surface receptors found on mammary epithelial cells 
and that these receptors normally respond to proteins encoded by other Wnt gene family 
members that are expressed in the mammary gland. In fact, as shown in table 1, several Wnt 
genes are found to be expressed during post-natal development of the mammary gland (52, 
53). Of the cloned and published Wnt genes, Wnt-2, Wnt-4, Wnt-5A, Wnt-5B, Wnt-6, and Wnt- 
7A are expressed in the mammary gland during periods of mammary gland growth and 
differentiation (in virgin and pregnant glands). In lactating glands, when the gland is no 
longer growing, none of the identified Wnt genes are expressed. These findings suggest that 
regulated expression of Wnt gene products may play a role in the normal expansion or 
differentiation of the mammary epithelium before lactation. The oncogenic effects of the 
Wnt-1 and Wnt-3 genes may thus interfere with the normal Wnf-mediated regulation of 
mammary gland growth. 

Human Wnt Genes 2,3,4, and 7B have been found to be expressed in human breast cell 
lines and disease states of human breast tissue when compared to normal breast tissue. 
These results provide a strong rationale for studies on the action of Wnt proteins as a means 
of understanding the normal and neoplastic development of the mammary gland. 



Table 1. i Summary of temporal expression oiWnt genes in the mouse mammary gland 
Pregnancy Lactation 

Virgin Early Mid Late Early           Late 
Wnt-1 - - - - - 

Wnt-2 i** _ _ - -                  - 

Wnt-3 _ _ _ _ -                  - 

Wnt-3A _ _ _ - - 

Wnt-4 + + + + + 
Wnt-5A - + + + - 

Wnt-5B - + + + - 

Wnt-6 - + + + + 
Wnt-7A _. _ — — -                  - 

Wnt-7B + + + - - 

*From reference (17)      ** From reference (53) 

III. PURPOSE 

The overall objective of the work proposed here is to determine how Wnt proteins 
modulate the growth of mammary epithelial cells, with the long term goal of understanding 
the role of Wnt genes in mammary tumorigenesis. 

IV. METHODS OF APPROACH 

Our general strategy is to carry out a study of the proteins encoded by ten different 
Wnt genes (Wnt-1, Wnt-2, Wnt-3, Wnt-3A, Wnt-4, Wnt-5A, Wnt-5B, Wnt-6, Wnt-7A, Wnt-7B) 
that will address the following specific aims: 

1. Examine the biochemical and secretory properties of Wnt proteins. The coding potential 
for an antigenic epitope has been added to full length cDNAs encoding Wnt-1, Wnt-2, Wnt-3, 
Wnt-3A, Wnt-4, Wnt-5A, Wnt-5B, Wnt-6, Wnt-7A, and Wnt-7B. We will prepare stable cell 
lines expressing epitope-tagged Wnt proteins in order to determine how the biochemical 
properties of the proteins encoded by newly described Wnt genes compare to those 
described for Wnt-1 proteins. We will evaluate if these proteins enter the secretory pathway, 
how efficiently are they secreted, and once outside the cell are these proteins freely soluble, 
bound tightly to the extracellular matrix, or bound to the cell surface? Our goal is to identify 
Wnt proteins that can be purified for use as ligands. 

2. Determine the transforming potential of Wnt genes. Using retroviral vectors to 
express the proteins encoded by these cDNAs in cultured cell lines, we have determined 
whether: (a) expression of these genes in cultured mammary epithelial cells leads to 
transformation, and (b) these proteins transmit signals in a paracrine fashion. 



BODY 

1. EXPERIMENTAL METHODS/RESULTS 

Biochemical and secretory properties of Wnt proteins. 
Epitope-tagging Wnt proteins. A key feature of the work proposed is to develop 

methods for the immunological detection and purification of proteins encoded by the Wnt 
gene family. Rather than generate antibodies against each of the Wnt proteins we have 
tagged Wnt proteins with an antigenic epitope for which well characterized, specific 
antibodies have already been generated; a process referred to as epitope tagging. Among 
the advantages of using epitope-tagged Wnt proteins in the experiments to be described is 
the ability to detect ectopically expressed Wnt proteins without the complications of 
detecting endogenously expressed Wnt proteins. The epitope we have chosen to add to Wnt 
proteins has the amino acid sequence YPYDVPDYA derived from the influenza 
HemAgglutinin (HA) protein and is recognized by monoclonal antibody 12CA5 (54)(the 
12CA5 antibody will be referred to as the anti-HA antibody). In order to create vectors for 
the expression of epitope-tagged Wnt proteins, we have used site-directed mutagenesis to 
generate cDNAs encoding Wnt proteins fused in frame at their C-terminus to the amino acid 
sequence MAYPYDVPDYASLGPGP (the bold letters represent residues recognized by the 
anti-HA antibody). Wnt cDNAs were first subcloned into phagemid vectors (pBluescript 
from Promega) that have the sequences encoding the HA epitope situated downstream. 
Single strands were generated from the phagemid and used in a site-directed mutagenesis 
protocol with an oligonucleotide designed to loop-out the sequences between the last codon 
in the Wnt sequence and the first codon of the HA peptide to create a cDNA encoding the 
fusion protein. Figure 1, following page (pg. 8) displays an alignment of the amino acid 
sequences of Wnt proteins included in the analysis and the amino acid sequence of the added 
HA-epitope. 

These cDNAs were then be subcloned into two different murine leukemia virus (MLV) 
based vectors, denoted LNCX vectors(55) and LINX . The LNCX vectors utilize the 
cytomegalovirus immediate early promoter/enhancer to drive expression of the gene of 
interest and the retroviral LTR to drive expression of the neo gene, which confers resistance to 
the drug G418. LNCX vectors were used to generate Rat fibroblast cell lines expressing 
different Wnt genes. LINX vectors were developed in our laboratory and utilize the HIV 
LTR as an internal promoter driving a bicistronic mRNA with a Wnt cDNA, followed by a 
poliovirus internal ribosome entry site (IRES), followed by a neo gene. We have also 
generated control retroviral vectors. As a positive control, we have used a vector expressing 
Wnt-1 cDNA with no epitope-tag; this vector has been shown to be transforming. As 
negative controls, we have used the parental vector that does not contain a Wnt gene.  Figure 
2, shown below, displays the structure of the two retroviral vectors. 
Figure 2. Schematic diagram of retroviral vectors, LNCX and LINX 

LTR              LTR 

LNCX   VBBh-ezsszznMg^mimm^ 

LTR        LTR 
LINX     1 I 1 HIV-»»|       WntHA       IGHD—KZAMZZ1- 



os PS i 
u u c 
int.: 

I Pi PS < 

>H Sx Cd ( 
J 1-3 ft t 
PC aac 
U U O t 
j j j h 

« PS ft I 
iaaa< 

i   i   i 
o O PS ( 

i ex ft, o t 
tOfflrfr 
J J i-3 ► 
O O PS ( 
<; OJ PS « 

j J <: ^ 
aa«t 
CO CO PS S 
u o o < 
J > M h 

<: <: CM 
OOP 

I    I  a 
M H > 
M H J 
>H Cu 0-1 
> S W 
HMO 

H H 
CO 2 
< < 
O O 

I I 
i-3 J 

eveu TO 
O O J 
j > fc<S < < < : 
j J J ' 
CO CO >H 

Oj Oj CO 
>H   >H rf 
O TO rij <; o < 
J P CO 

K a PS J 

w 

Oj 
PS 
Oj 
OJ 

g o 
PS 
OJ 

<C J*S OS >H OJ CO CO PS PS I  
QnpcoQwwaQQ 
UUUUUUÜÜUU 
EHCOOOOOOOOO 
UUOUUOUOUU 
wniHHüBFiapa 

1-3 CO 
Cd E-i 
o o 
cxcd 
co <C 
u u 
ft  CO 
od PS 
EH EH 
H > 
<:■< 
Cu Cu 

3 Cd 1-3 
CO Cd 
o o 
Cd CO 
et,  CO 
o o 
co <; 
PS PS 
EH EH 

ft, ft, 
Cu Cu 

CO CO 
1-3 J 
Cd Cd 
o o 
Cd Cd 
PS PS 
o o 
äg 
ft ft 
S3 2 

O O O O ' 
ft ft ft ft 
CO CO CO CO i 
EH CO ft ft ' 
M H H t-H I 
ft ft ft ft 
Cu £H K PC 

Cu Cu Cu Cu 
■< <; < < 
EH CO CO CO 
Cd Cd Cd Cd 
PS PS PS OS 
O CO EH EH 
O CO < ft 

ft 

P CO CO 

Cd 2 2 o o o a aa 
CO EH CO 
u o o 
<C <; <; 
a*3 ft 
EH EH EH 

co <; <; 
< > > 

o o o o 
<j <! SJ <i 
CO EH M EH 
> H M M <;<;<;<; 
>H   CU   >H  >H 
EH > EH EH 
Cl4 Cu Cu CU 
<   rtj   <   rf 
EH EH rS ft 
Cd Cd Cd Cd 
PS PS PS OS 
CO H CO CO 
O P O O 

OS m 
Cd Cd 

I I 
O O 

äs! 
OJ2EHEHCOCOCOCOCOTO 
UUÜUUUUÜUU 

PSPSPSOSOSPSPSOSOSOS 
pSPCPSOSOSOSOSOSOO 
gaouSEU&.2&. 
PSPSPSPSOSOSOSOSPSPS 
CuCuCuCuCuCuCuCuCuCu 
aaaaaaaaaa 
SIKKN^IhbK 
woaaoaaaao 
uuuuuuuuuu 
CdPdCdCdCdCdCdCdCdCd 
pS«<OIOfCd«pS0SPP 

>EnMMHaH>Pn 
<;soo<:oaooo 
cotdjrfjEHEHjaa 
otftuii2on^^.oio>c* 
>3>>>ftftftftvK oooooooooo 
OhJCdCdPSCdCdpSCdCd 
COO<;<;PSOO<;OPS 
>M>>>MMi-3HH 
co<;cococo>H>HCd>> 
PCOSOJOJPOICO<:HM 
jaaaaaa>HM 

OSDSPSOSPSDSPSOSPSOS 
OOOOOOOOOO 
ftrtftftft'tft't't1' 
CdoSCdPdCdCdCdCdCd! 

BC PC PC a: 

JPKIlrtjJPPJPlJI 
pH i   i   i .<; i   i <; i   i 
PS I I I öS I I I I I 
p I I I CO I I OS I I 
P<CCOCOCOMI<;MEH0S 

PS os os os co PS 
o < < ft ft < 

U:   I    I I Cd 
I     I    I I >H 
i    i    i i co 

O OJ OJ U; O 
NS PS PS CO iä 

I     I     I I ft 
I     I I PC I 

I     I     I 

13 25 

I PS 
I Cd 

PS PS 

PS P PS OS 
O O ft ft 
aos 2 s 
Cd i I I 
Cd I I I 
CO I I 1 
o o a^ 
!*; os iü « 

I    I    I 

OS « H H 
CdCdCdCdCdCdCdPSCdCd 

O W OS 
co i< i<J 
P P P 

MM   Clj   PM 

P Q D P «;> > > 
Clj   CU pLj   Ptj 
Cd CO Cd Cd 
OS a« W 
CO CO i< i4j 
[>   pLj Clj   Clj 
a ft OJ PS 
O > PC >H 
O O O O 
CU   >H >H   >H 
Cd ft, Q Cd 
H M H > 

CUPS PS <;<!<; 
p p p a > > 
tu frj fcj 
j > PS 
PS fctS PS 
CO i< CO 
W Ctj Cm 
Cd O P 
Q H H 
O O O 
pLj >H >H 
P PS OS 
>   M   > 

<;waccojOjcoa>H 
C0PCiJ>PS0SOOO 

■ EH < <; EH cnot o PC os 

O P Cd 
PJ  pj M 

PC PC . 
P Cd Cd 
CCVOJ 

< ft 
Q P 
OJ OJ 

OJ 
O 

OS 
OS 

OJ i4 « 
O Cd Cd 
PJ 
OJ 

O 
OJ 

EH 
o 

o 
CO 

CUPS OS EH CO CO 
r< CO CO OS J PS 
25 S S > OJ J 
PS > rf < W CV 
PJ  CV H3   OJ fc<S NS 

>HJHH 

ft J 1-3 

s s 
u o 
EH EH 
PS PS 

££ 
u u 
CO CO 
o o 
co co 
a > 

o u u 
co co co 
o o o 
CO co co 
J J > 

l>l>CNCT\OOljOCniHU3ü3 
OOr-l>ljO^OCT\COOO«3>40 

I 
o £ ü o & S & & 
o S? o o 

I 
«B 

j j j o o o 
h 0i Pi o o o 
J HI J 
CQ CO CO 

HS Q Q Q 

33 
co 

cö ^ co öS 

J K£| « ! 
U ü o i 
Cd H EH I 
PC £ PC I 
J > > : 
> P Q I 
ps j >H ; 
EH rf H i 
PC pq PS i 
HjHI 
U u o i 
2 o w I 
PS ry CV i 
U u O i 
CO ptj CO i 

fa Cu 
> > 
u u 
PC PC 
o u 

Cd Cd 
W PS 
PS OS PS w 

u u o 
o co o 
p p p 
Jan 
ft o o 
OJ PS PC 
co co co 
CO EH 
CO J 

u o o 
§ > ö OS OS OS 
OOP 
ft ft PS 

u u u 
o o o 

p p P Q co 
H H a a 1-1 
CO <; CD CD CJ 
PC w W Cd OJ 
CO co CO CO ft, 
co H H H CO 
[> w W « TO 
2 s S 2 53 
() () u () o 
H H 1-1 t-l g PS OS PS PS 
p o o o o 
PS OS a a os 

u o 
o o 
CO P 
< ft 
Ot o 
OJ OJ 
ft CO 
EH EH 
t*S OS 

u u 

S OS 
o o 
a cn 

U 

<; <; PQ ft m 
i-i(Nroro'*LnLn>jot--r-~ 

i i i i i i i i i i 
EHEHEHEHEHEHEHEHEHEH 

ft ft CO ft CO 
i-H(Nlror<">"HiLf>in*j3[-~r- 

I I I I I I I I I I 
EHEHEHEHEHEHEHEHEHEH 

ft ftca ft CD 
HtNinmHjuiirnot^r- 

I I i I I I I I I I 
EHEHEHEHEHEHEHEHEHEH 

ft     ft co     ft ca 

I    I    I    I    I    I    I    I    I    I 
EHEHEHEHEHEHEHEHEHEH 

<;        ft CO        ft CQ 

i    i    i    i    i    i    i    i    i    i 
EHEHEHEHEHEHEHEHEHEH 



Analysis of the biochemical and secretory properties of Wnt proteins was carried out 
in cell lines programmed to express these genes that were generated by infection with 
retroviral expression vectors. High-titer, helper free retroviral stocks were generated using 
the BOSC23 ecotropic virus packaging cell line(56). This cell line produces high titer 
retroviral stocks after transient transfection with retrovirus encoding plasmids (>10^ colony 
forming units/ml) allowing rapid generation cell lines. The plasmids bearing Wnt-HA 
retroviral expression vectors were transfected into BOSC-23 cells, media was collected, and 
used to infect either C57MG mammary epithelial or Rat-1 fibroblast cell lines. These cell lines 
will be used to both analyze Wnt proteins (Specific aim 1) and to assess autocrine and 
paracrine transforming potential (Specific aim 2, see below). 

Characterization of Wnt proteins. We have identified Wnt proteins in cell lines that 
are programmed to ectopically express the HA-tagged Wnt proteins. Protein expression was 
first evaluated in transiently transfected 293T cells. Cultured cells were transfected with 10 
[ig of vector DNA and two days later protein expression was evaluated by immunoblot 
analysis to demonstrate that these cells are producing Wnt proteins. Cells were lysed in 
detergent (1% Triton-XlOO, in 10mm tris, lOOmmNaCl), insoluble material was removed, and 
proteins in the lysate were fractionated on SDS-gels, transferred to nitrocellulose, and then 
subjected to immunoblot analysis using the anti-HA antibody. Proteins were be visualized 
on the immunoblots using Enhanced Chemiluminescence (ECL, Amersham). Extracts from 
control vector-infected cells were be used as a negative control for the immunoblot analysis. 

Figure 3. Immunoblot of HA tagged Wnt proteins produced in transfected 293T cells. 

- ^WV///// 
65kd- <.  
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25 kd- 

The size of the Wnt proteins and the number of species detected is consistent with that 
predicted from the primary amino acid sequence of the ten Wnt proteins and the potential 
glycosylation sites identified in the sequence. In addition, roughly comparable levels of 
expression was seen for the ten Wnt proteins. 

Analysis of secreted Wnt proteins. Extracellular Wnt-1 proteins are generally 
detected only after addition of compounds that can compete growth factors off extracellular 
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material. A number of growth factors and other secreted proteins are thought to associate 
with the extracellular matrix because of their affinity for heparin and/or heparin sulfate 
glycosaminoglycan. Extracellular Wnt-1 proteins can be detected as heparin-bound proteins 
(37). We have determined whether other Wnt proteins can be detected as heparin-bound 
species.  Transiently transfected 293T cells expressing HA-tagged Wnt proteins were 
incubated 1 day post-transfection for 24 hours either in the absence or presence of soluble 
heparin-sulfate (lOOjig/ml). The media from the cells was spun at 10k X g for 10 minutes to 
remove intact cells, and the resulting media was be centrifuged at 100k X g for 2 hours to 
pellet the heparin-sulfate. The heparin-sulfate pellet was resuspended in Laemli sample 
buffer and the proteins bound to heparin were analyzed by immunoblot analysis. We have 
detected extracellular heparin-bound forms of HA-tagged Wnt-1, Wnt-3A, and Wnt-5A 
proteins produced by transiently transfected cells (Figure 4). 

Figure 4. Immunoblot analysis of Wnt-1, Wnt-3A, and Wnt-5A proteins produced in 293T 
cells. Extracellular, heparin-bound forms and intracellular forms. 
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The secretory potential of Wnt-1, Wnt-3A, and Wnt-5A proteins appears roughly 
equivalent. In order to detect these proteins, heparin addition was required indicating that 
each is bound to extracellular material. 
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Generation of Rat-1 fibroblasts expressing Wnt proteins. We and others have 
developed assays that specifically test for biological effects dependent on the secretion of 
Wnt-1 proteins. In these assays, paracrine activity is supplied by cell lines that are 
programmed to express Wnt proteins but which do not themselves detectably respond to 
these proteins (e.g., mouse 3T3 fibroblasts, Rat-1 fibroblasts, or HeLa cells). When mammary 
epithelial cells are placed in proximity to Wnt-1 donor fibroblast cell lines, the mammary 
epithelial cells become morphologically transformed. In order to test the paracrine 
transforming potential of Wnt gene family members we developed a panel of Rat-BIA 
fibroblasts that express the ten epitope-tagged Wnt proteins. For expression in Rat-BIA cells 
we have found that the CMV promoter efficiently drives expression of foreign genes; 
therefore we used a panel of LNCX based vectors bearing Wnt-HA cDNAs. The plasmids 
vectors were transfected into BOSC-23 cells, media was collected two days post-transfection, 
and used to infect Rat-BIA fibroblast cell lines. Selection (400^g/ml G418) was added two 
days after infection and colonies were pooled approximately 1 week after selection. Pooled 
colonies were used as a source of extracts to evaluate protein expression by immunoblot 
analysis, as described above. Figure 5, displays an immunoblot analysis of cell lines 
programmed to express Wnt-1, Wnt-2, Wnt-3, Wnt-3A, Wnt-4, Wnt-5A, Wnt-5B, Wnt-6, Wnt- 
7A, Wnt-7B. 

Figure  5 
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All of these cells were expressing the epitope-tagged Wnt proteins. In the case of Wnt- 
4 and Wnt-5B, we repeated the generation of the cell line in a bid to get cells expressing 
higher amounts of Wnt protein; Wnt-4(b) and Wnt-5B(b) were cell lines developed that had 
higher levels of intracellular Wnt proteins. 
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The transforming potential of Wnt genes. 
Wnt-1 and Wnt-3 behave as mammary oncogenes when expressed in the mouse 

mammary gland. We know little about the biological activities of the proteins encoded by 
the newly identified Wnt genes, some of which are normally expressed in the developing 
mammary gland (see Table 1). The goal oispecific aim 2 is to use mammary epithelial 
transformation assays as a measure of the biological activity of Wnt proteins. We have 
compared the transforming activities of a subset of the murine Wnt gene family that includes 
Wnt-1, Wnt-2, Wnt-3, Wnt-3A, Wnt-A, Wnt-5A, Wnt-5B, Wnt-6, Wnt-7A, and Wnt-7B. These 
include genes expressed in the developing mammary gland (Wnt-2, Wnt-4, Wnt-5A, Wnt-5B, 
Wnt-6, and Wnt-7B) as well as genes not normally expressed in the mammary gland (Wnt-1, 
Wnt-3, Wnt-3A, and Wnt-7A). 

Autocrine transformation by Wnt gene family members. To determine whether a 
Wnt gene has the potential to transform mammary epithelial cells, we have used retroviral 
vectors to generate cell lines ectopically expressing Wnt proteins (described inspecific aim 1) 
and assessed the morphology and growth properties of these cells. Autocrine transforming 
potential was tested using the murine C57MG cell line(57). We have used the C57MG cell 
line extensively to study Wnt-1 mediated transformation. The HIV LTR appears to function 
as a better promoter than the CMV promoter in the C57MG cell line (unpublished 
observations); therefore, we used a panel of LINX vectors with the ten epitope-tagged Wnt 
cDNAs to develop C57MG cell lines. 

C57MG cells were infected with retroviral vectors, as described above, to generate 
cell lines programmed to express HA-tagged Wnt proteins (seespecific aim 1). The 
transformed phenotype in these cells was evaluated by visibly assessing the morphology of 
confluent cultures, the results of the direct transformation assay are tabulated in Table II, and 
are discussed below. 

Paracrine transformation by Wnt gene family members. Wnt-1 proteins can affect 
mammary epithelial cells in a paracrine fashion(40,41). We have determined if the proteins 
encoded by Wnt gene family members also act as paracrine effectors of mammary epithelial 
cell growth by generating Rat-BIA fibroblast cell lines that ectopically express HA-tagged 
Wnt proteins, see above and Figure 5. Paracrine assays were done by co-culturingWni- 
expressing Rat-1 cell lines with C57MG cells. The negative control in these paracrine 
transformation assays will be co-cultivation of uninfected Rat-1 cells with C57MG cells; this 
resulted in a flat monolayer composed of both cell types. The positive control was co- 
cultivation of Wnt-1 expressing Rat-1 cells with C57MG cells, which results in morphological 
transformation of the mammary epithelial cells. Since the transformed cells continue to grow 
post-confluence the result of this assay is a culture that appears completely transformed. 
The results of this assay are tabulated in Table n. Our results indicate that HA-tagged Wnt- 
1, Wnt-2, Wnt-3, and Wnt 3A transform mammary epithelial cells. HA-tagged Wnt-7A and 
Wnt-7B gene expression leads to weak transformation of mammary epithelial cells. Finally, 
Wnt-4, Wnt-5A, Wnt-5B, and Wnt-6 do not detectably transform mammary epithelial cells. 
These experiments also confirm that, in the case of Wnt-1, addition of the HA-epitope does 
not measurably affect the biological activity of these proteins. Paracrine assays were carried 
out for all ten Wnt genes using a set of Rat-BIA fibroblast cell lines as donors of Wnt activity. 
The results of the paracrine assays coincide with results obtained by direct expression in 
mammary epithelial cells. Our results indicate that there are two classes of Wnt proteins as 
evaluated by our assays in mammary epithelial cells; transforming Wnt genes and non- 
transforming Wnt genes.  The Wnt proteins that are transforming all have the ability to 
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transform cells in a paracrine fashion demonstrating that the Wnt gene family encodes 
paracrine-acting growth factors. 

Table II. Oncogenicity, Mammary gland expression, transforming potential of Wnt gene 
family members. 

mammary gland    oncogenic 
transft 

direct 

+ 

Drming 
paracrine 

Wnt-1 - + + 
Wnt-2 -1- virgin, ducts + + 
Wnt-3 - + + ' + 
Wnt-3A - + + 
Wnt-4 + virgin, pregnant - - 

Wnt-5A + pregnant - - 

Wnt-5B + pregnant - - 

Wnt-6 + pregnant - - 

Wnt-7A - + + 
Wnt-7B + virgin, pregnant -/+ -/+ 

II. Goals of the Research 

The data presented in this annual report represents results of experiments outlined in 
specific aim 1 and specific aim 2 of the research proposal. We feel we have completed 
approximately three-fourths of the work toward these goals and are currently evaluating the 
secretory potential of the Wnt proteins and determining if activity can be detected from 
conditioned media of cells expressing Wnt proteins. We have clearly segregated Wnt family 
members into two functional classes based upon their ability to transform cultured 
mammary epithelial cells. 
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CONCLUSIONS 

In conclusion, we have segregated Wnt proteins into functional classes based upon their 
ability to transform mammary epithelial cells. This segregation may represent classes of Wnt 
proteins that interact with distinct Wnt-cell surface receptors. This may represent the first 
type of evidence that their may be distinct Wnt-cell surface receptors. Alternatively, one 
class may be involved in mitogenic stimulus and are thus are transforming, whereas the 
other class may be involved in differentiation of the mammary epithelium. Two interesting 
aspects of the segregation come out of this analysis. First, it appears that those Wnt genes 
either not normally expressed in the mammary gland (Wnt-1, Wnt-3, Wnt-3A, and Wnt-7B) 
or expressed at very low levels in the mammary gland (Wnt-2) are the most transforming. 
Whereas, those Wnt genes that are well expressed in the mammary gland (Wnt-4, Wnt-5A, 
Wnt-5B, Wnt-6) do not exhibit transformation activity. Second, when one compares the 
activity of the transforming genes to those reported to be overexpressed in mammary 
tumors(58) only one Wnt gene that is not transforming is overexpressed in this study. Wnt-2, 
Wnt-3, and Wnt-7B were all found to be transforming in our hands and have been found to 
be overexpressed in several mammary tumors; however, Wnt-4 never displayed 
transforming activity in our experiments but was found to be overexpressed in mammary 
tumors. Future work will be focused on assessing the activity of these proteins as soluble 
factors, identifying domains required for transforming activity, and searching for Wnt 
receptors in mammary epithelial cells. 
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